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Abstract. Historically, restoring brain function after injury or disease has been extremely difficult.
However, over the past few decades, new techniques have emerged for reversing or postponing the
deficits in behavior that accompany such injury. This paper reviews several current interventions for
improving brain function in clinical settings: deep-brain stimulation, transcranial magnetic stimulation,
physical exercise, and cognitive training. These interventions have been used in a wide range of
clinical disorders, including Parkinson’s Disease, Alzheimer's Disease, Huntington’s Disease,
depression, stroke, and various psychiatric conditions. Findings suggest that these clinical
interventions are associated with relatively modest improvements in outcome and should not be
considered first-line treatments for most disorders. However, ongoing research continues to refine
these techniques to establish more reliable neural pathways for improving clinical outcomes; to more
precisely understand the neural mechanisms underlying various disorders; and to improve the
delivery of the interventions.
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1. Introduction

As the most complex part of the human body, the brain plays the significant role in controlling
emotion, sensory information, motor skills, breathing, temperature, vision, etc. However, the brain is
also fragile that injuries of the brain will cause various kinds of diseases. Brain disorders pose a
significant disease burden globally. In particular, western societies are currently confronted by a
growing elderly population, which is accompanied by the increased incidence of such diseases
(Joubert & Chainay, 2018). According to the WHO data that even in 2007, brain diseases affected 1
in 6 people worldwide. Distinct categories of brain diseases will impact different functions.
Commonly, brain diseases include neurodegenerative diseases such as Huntington's disease,
Parkinson's Disease, Trauma, dementia like Alzheimer's disease, and common mental
disorders/illness such as depression, anxiety, schizophrenia, etc. Although the morbidity of brain
diseases is high, they can be alleviated to some extent. This phenomenon is attributed to
neuroplasticity, the ability to alter the brain's activity by reorganizing its structure, function, or
connections in response to intrinsic or extrinsic stimuli. (Berlucchi, G., & Buchtel, H. A.,2009)

Imbalance of neurontransmitters in people’s brain will cause thse diseases. To control brain
diseases, there are many treatments that have been applied. Medication is the primary and wide
treatment of brain disorders by directly improving the brain's abnormality since it’s considered as a
supplement/weakening to the unnormal chemical to balance patients’brains. For patients who get
Alzheimer's disease, acetylcholine is usually lacked, and this will also impact other nerves that rely
on acetylcholine to send information. Although neurodegenerative diseases are irreversible,
corresponding medication can help increase the concentration of acetylcholine in patients brain and
encourage communication between nerve cells, so that help slow or manage memory loss, thinking
and reasoning difficulties, as well as day to day functioning. (Bartus, R. T. et al., 1982) Chemical
imbalances will also lead to mental disorders. Anxiolytics, antipsychotics and antidepressants, and
mood stabilizers are commonly used for treating mental disorders. However, Medication still has
limitations that long-term use may cause resistance. Howes, O. D., Thase, M. E., & Pillinger, T.
(2022). found that almost 20-60% patients with mental disorders suffered from drug treatment
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resistance. In particular, poor understanding of neurobiology, heterogeneity and absence of consensus
criteria can reinforce treatment resistance. Similarly, people who suffer from Parkinson's disease
usually rely on the drug named levodopa, but in some cases, patients will fail to respond altogether.
(Beckers, M., Bloem, B.R. & Verbeek, M.M.,2022) Therefore, there're still some limitations on the
application of medications.

Besides medication, psychotherapy is another common treatment to change brain and explains
neuroplasticity. In particular, systematic studies suggest that patients with major depressive disorder
(MDD), obsessive-compulsive disorder, social anxiety disorder, posttraumatic stress disorder, etc.,
may experience changes in brain function as a result of cognitive-behavioral therapy (CBT), dialectic
behavior therapy (DBT), psychodynamic psychotherapy, and interpersonal psychotherapy (BPD).
(Brody AL et al., 2001; Goldapple K et al.,2004; Baxter LR Jr, et al.,1992; Straube T, et al.,2006;
Felmingham K, Kemp A, Williams L, et al.,2006) To illustrate, according to Lehto SM et al.,2008,
19 depressive outpatients got 12-months of psychodynamic psychotherapy in the study. Eight of the
individuals were diagnosed with atypical depression. SPECT brain imaging with the [1231] nor-12-
CIT radioligand was used to measure the density of the midbrain serotonin transporter and the
striatum dopamine transporter before and after psychotherapy. Researchers found that, in contrast to
patients with standard depression, patients with atypical depression experienced a significant increase
in midbrain serotonin transporter density during psychotherapy. Even if they are still in the early
stages, research employing neuroimaging to assess the effects of psychotherapy will eventually help
us better understand how various psychotherapies operate. Future studies of the efficiency of
psychotherapy, when considered about neuroplasticity, should be continued to improve.

Since the popularity of brain disorders has become more widespread these years, it's significant
for people, especially those who are not majoring in neuroscience/psychology majors to understand
how other treatments methods, including advanced technology like Deep Brain Stimulation and
Transcranial magnetic stimulation that can chang patients’ brain, thereby to achieve therapeutic goals.
Therefore, this article aims to provide detailed and clear information of other techniques based on
neuroplasticity.

2. Deep Brain Stimulation

One of the most significant developments in neuroscientific medicine is deep brain stimulation
(DBS), a surgical procedure used to treat neurological disorders using an electrical current applied to
the brain. DBS involves injecting electrodes into the frontal cortex, and electrical impulses produce
these sensors to control irregular impulses. The treatment procedure involves attaching wires to a
minute device fitted beneath the skin near the collarbone. A microchip device is positioned beneath
the skin in a person's upper chest to regulate the depth of sensory input during deep brain stimulation.
Deep brain stimulation can be used to treat musculoskeletal conditions such essential tremors,
Parkinson's disease (PD), dystonia, and mental problems. Only those whose symptoms are not under
control with therapy are eligible for this surgery. As of 2019, experts estimate that since the 1980s,
about 160,000 patients have received treatment to implant a DBS device. (Lozano, A. M., & Lipsman,
N, 2013) DBS facilitates detecting and repairing abnormal neural signatures in the brain, promotes
technical advancement, and improves therapeutic results. (Kiithn, A. A et al., 2008)

DBS has increasingly become an effective therapy option for PD, a progressive neurodegenerative
disorder marked by the loss of neuronal dopamine production in the brain. Movement-related
symptoms of Parkinson's disease such as as tremors, stiffness and slowness are caused by
disorganized electrical signals. (Schuepbach, W. M. et al.,2013) The introduction of DBS enabled the
interruption of irregular signals which would cause tremors or other movement symptoms.

The effectiveness of DBS in treating PD has been demonstrated in various experiments. For
example, Perestelo-Perez et al., 2014 found that DBS was superior to BMT with regard to enhancing
motor control and medication doses in PD patients. Moreover, experiments conducted by De long
and Benabid have demonstrated the effectiveness of DBS in the treatment of PD. Specifically, their
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research focused on understanding the role of the basal ganglia in movement, in ascertaining the
neurophysiology of PD. Clinical trials have also shown that DBS provides better results than the best
medical therapy for PD. In another experiment, Weaver et al. compared long-term outcomes of DBS
of globus pallidus intern (GPi) and subthalamic nucleus (STN) for patients with PD. The results
showed an improvement in motor function and health-related quality of life. Overall, past experiments
have demonstrated the effectiveness of DBS in treating PD.

Besides Parkinson’s disease, deep brain stimulation may be used to treat Alzheimer’s disease.
Alzheimer’s is a chronic degenerative disease related to amnesic dementia. It is the most common
cause of dementia. During treatment, DBS is used to stimulate basal nuclei of Meynert and the frontal
lobe. As a result, the patient experiences improved memory, language fluency, semantics, and
numerical ability. (Aldehri M et al., 2018) Another brain disorder that could be treated with DBS is
drug-resistant refractory epilepsy. Epilepsy is a chronic brain disease marked by two or more
gratuitous seizures. Refractory epilepsy refers to a situation where a patient has used at least two
anticonvulsants with no improvement. The treatment involves stimulation of central-medial and
anterior nuclei of the thalamus. The treatment makes the patient antiepileptogenic. (Zangiabadi, N et
al., 2019)

Drug-resistant obsessive-compulsive disorder (OCD) could also be treated through deep brain
stimulation. OCD is a neurological disorder marked by obsessions in the form of recurrent thoughts.
The treatment involves the stimulation of the internal capsule, ventral striatum, ventral capsule,
inferior thalamic peduncle, and subthalamic nucleus (Marin et al., 2022). The treatment leads to
symptom improvement. Drug-resistant Gilles Tourette syndrome can also be treated through DBS.
The condition is marked by repetitive, involuntary, and stereotyped movements accompanied by tics.
The treatment procedure stimulates the internal pale globe. Lastly, DBS could be used to treat drug-
resistant depression. Depression is a mental disorder marked by feelings of sadness, tiredness, and
loss of interest, among others. Depression is declared to be drug-resistant when a patient has used two
or more antidepressants without any improvement. DBS treatment stimulates subcallosal cingulate
leading to solid and sustained antidepressant response.

What’s more, experimental deep brain stimulation in animal models is conducted to assess new
indications and novel technology. In electrophysiological studies, scientists found typical alterations
at various anatomic locations that demonstrated changes at the target location and distal tissues. DBS
is a viable therapeutic approach for depression that is unresponsive to therapy. Its effectiveness has
been evaluated in animal research using a variety of results. (Al-Harbi K. S., 2012) According to the
analysis, physiological and electrophysiological indicators have the most promise for stress.

In one of the experiments, DBS was performed in freely moving rats. Validation studies were
conducted in two animal models. One was a rat with PD and the other was a rat with Huntington’s
disease. The impact of deep brain stimulation was assessed in varying behavioral tasks measuring
motor and cognitive functions. The findings of the experiment showed that deep brain stimulation of
the subthalamic nucleus can enhance parkinsonian motor disability. However, it can also cause
behavioral side effects similar to the clinical situation. Further, the experiment showed that deep brain
stimulation of the globus pallidus can enhance motor and cognitive symptoms in a rat model of
Huntington’s disease.

In another experiment involving animals, the researchers sought to understand how subthalamic
nucleus deep brain stimulation relieves numerous motor symptoms of Parkinson’s disease. The
experiment used electrical artifact-free GCaMP fiber photometry to examine activity in basal ganglia
nuclei during subthalamic nucleus deep brain stimulation in parkinsonian mice (Schor et al.). The
results established that subthalamic nucleus deep brain stimulation’s therapeutic effect is achieved
through interruption of movement-linked STN activity, rather than inhibition or antidromic activation.
The findings offer insights into optimizing Parkinson’s disease treatment.

Another experiment where DBS was applied to animals aimed to explore the effects of NAcore
and NAshell DBS on aspects of heroin taking and seeking. The experiment used rats. NAcore and
NAshell DBS were administered following a preset schedule to two groups of rats (Schippers et al.)
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The results showed that NAcore and NAshell DBS did not change heroin self-administration.
However, it decreased cue. Overall, the experiment showed that NAcore DBS reduces motivation for
heroin-taking and cue-conditioned behaviors.

However, the current limitations of DBS still exist. The insertion of the stimulator has a negligible
possibility of causing brain hemorrhage or infection. Headaches, tremors, edem of the brain tissue,
and short-term discomfort following surgery are possible complications. Although less traumatic, the
such operation only requires minor surgical intervention but carries considerable risk.

3. Transcranial Magnetic Stimulation

Transcranial magnetic stimulation is a safe, non-invasive technique used in many areas of
neurophysiological research. The pulses delivered by the wires over the scalp change the magnetic
field, which can elicit potential change among the neurons in the cortical region of interest therefore
changing the activity of neurons. Even though the mechanism behind how TMS alters neural
connections remains largely unknown, it allows researchers to utilize its characteristics and develop
new applications in many settings. As new technologies and methods develop, newer forms of TMS
are introduced to the field of neuroscience, including repetitive transcranial magnetic stimulation
(rTMS), deep transcranial magnetic stimulation (dTMS) (Roth et al., 2002), and theta burst
stimulation (TBS) (Huang et al., 2007). Depending on the frequency delivered to the cortex, the
simulation can either have excitatory effect (fast rTMS = 10 - 30 Hz) or inhibitory effect (slow rTMS
=1 Hz). One utilization of TMS is the ability to create temporary lesions at the desired cortical areas,
and by combining with the observed behavioral changes, this allows researchers to establish causal
relationships of a specific brain area and its function. Being able to change the potentials of neurons
gives researchers an insight into its function to manipulate neural connections and examine certain
brain circuits. Cash et.al (2021) developed an effective method for establishing a personalized
stimulation site that maximizes the treatment outcome of rTMS for resistant depression by targeting
individualized brain connection of the subgenual cingulate cortex (SGC) network and the effect is
shown to maintain over time. Various types of TMS as a treatment tool in therapies are shown to have
promising effects in treating neuropsychological disorders such as medication-resistant depression
(Hoy & Fitzgerald, 2014), improving language cognitive response in chronic Schizophrenia patients
(Shishkovskaia et al., 2022), and generalized anxiety disorder. (Diefenbach et al., 2015) TMS is also
applied widely in physical rehabilitation, motor function improved more when TMS as an adjuvant
is paired with motor training compared to solely doing the motor training. (Narayana et al., 2014)
The increased motor performance suggests the connectivity-enhancing effect of TMS and it further
raises the question regarding TMS-induced synaptic plasticity. As previously talked about, TMS can
induce changes in neuron communication, which is a dominant part of forming neural plasticity, then
it is possible to consider applying TMS to augment certain neural connectivity for the purpose of
regaining functions once lost due to traumatic events.

Several studies have shown promising results regarding enhanced neural connections by
stimulating neural circuits. Jackson et al. (2006) demonstrated the increased synaptic connections
between two sites of the motor cortex by using paired stimulation in primates. A stable reorganization
of the visual cortex responsible for orientation was observed in cats, the mice in the experimental
group underwent a single orientation exposure training after applying 10 Hz rTMS to the primary
visual cortex, and the result showed the area which represents the stimulus orientation enlarged in the
orientation map. The diminished activation of the area that represents orientation preference was
observed after the 10 Hz rTMS session compared to pre-rTMS images, and this reduction was not
seen in the 1 Hz condition and the sham condition. The result provides new insight into a possible
mechanism behind TMS-induced plasticity, in which rTMS was able to introduce neurons into a stage
that interrupts previous connections and increases the sensitivity to allow new pathways to establish.
(Kozyrev et al., 2018) Further studies can build on these results by trying to establish a causal
relationship between the cortical changes and behavioral changes. TMS as a non-invasive approach
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to stimulate neural connections is often used to better understand this effect in humans. Stimulation
between the ventral premotor cortex (PMv) and the primary motor cortex (M1) pathway continues to
elevate manual performance after 30 minutes post-stimulation. (Fiori et al., 2018) Fifty-four healthy
participants were recruited and randomly assigned into three groups, the experimental group received
stimulation in the direction of PMv to M1, the active control group received a reversal of direction
and a sham group. Two sets of visuomotor behavioral tasks were administered to the participants at
baseline, pre-stimulation, immediately after stimulation, and 30 minutes post-stimulation. The result
showed persistent enhanced performance of the visuomotor tasks in the experimental group compared
to the other two groups, as an indication of the reorganization effect of TMS and the need to consider
the direction of the current delivered in addition to the location. Though there is abundant evidence
that TMS not only alters the excitability of neurons, but also makes reorganizing neural networks
between areas possible, and using TMS as an alternative treatment option for medication-resistant
depression has been approved by the FDA, the application of TMS in the clinical setting for motor
rehabilitation requires further investigation and clinicians still hold conservation regarding this
method.

TMS-induced plasticity is widely studied for the purpose of regaining functions in post-stroke
patients. Two most common focuses within this area are prognosis and treatment after stroke. Being
able to accurately assess the maximum possible recovery is necessary for designing the treatment
plan and setting clearer cut-off points for stratification in research. Stinear et al. (2012) developed a
new algorithm called PREP to assess the possible recovery of the upper limbs, by using TMS to check
the presence of motor-evoked potentials (MEP). The ability to successfully elicit an MEP is a big
determinant of the possibility to regain upper limb functions. The team used diffusion-weighted
magnetic resonance to confirm the integrity of the MEP pathway found by TMS stimulation, and
most predictions of motor outcomes at 12 weeks were confirmed. Though the group achieved high
positive and negative predictive values (>80%), and high specificity and sensitivity (>70%) with this
new algorithm, individual variability in response to the TMS is still an important factor to consider
therefore prognosis cannot be solely based on the TMS result, and future research can address this
issue by discovering more reliable pathways or new methods to deliver the stimulation.

A recent study demonstrated a new possible way to apply TMS in treatment, Buetefisch et al.
(2022) illustrated a neuroprotective mechanism of low-frequency rTMS in post-ischemic stroke rats.
Rats who received low-frequency rTMS within 3 hours post the onset of stroke displayed a significant
reduction in cell death and infarct volume, and better sensorimotor function performance than the
control group 3 - 21 days after receiving the stimulation. Another case study reported a patient with
global aphasia due to a stroke, who received a 10-day continuous theta burst stimulation treatment
post-stroke over the right pars triangularis. The language ability and life quality were measured before,
1 day, 2 months, and 12 months after the treatment. The study found the most significant speech and
language comprehension improvements happen at one-day post-treatment and moderate
improvement in reading in later follow-up measures. (Georgiou et al., 2020) This is a case study of
one individual, and it’s necessary to consider individual variability, and further research could
consider using a bigger sample size and more precise stratification to identify the class of patients
who can benefit from this treatment approach. TMS as a treatment option has huge potential to be
applied in the clinical field for stroke recovery, but individual responses to the stimulation make the
technique selectively effective to specific patients, so it’s important to discover the reasons for this
individual variability, two aspects to consider include genetics and locations of the lesion. This
method is still under investigation that requires more longitudinal studies and bigger samples to
contemplate the individual variability of the outcome and the time period in which the effect could
last. And future studies can divide participants into groups based on the different timing they receive
treatment after the stroke to address a potentially critical period that results in the maximum possible
recovery.
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4. Physical Activity

A lifestyle that includes routine physical activities has been well-acknowledged to be beneficial in
multiple aspects of both physical and mental health and increases lifespan among all age groups.
Several animal studies have observed structural changes in the brain after physical training. Rats
that have voluntary access to running wheels for six weeks show altered gene transcription in the
mesolimbic neurocircuitry, a pathway known to be highly involved in reward mechanisms.
(Greenwood et al., 2010) Another study received a similar result that exercise remodels the gene
which contains neurotrophic factors that are necessary for regulating hippocampal learning in rats.
(Gomez-Pinilla et al., 2011) By measuring the change of several types of protein in a rat’s
hippocampal area after physical exercises, researchers found an up-regulation in proteins that are
involved in cognitive function, a possible mechanism behind the structural changes as the result of
exposure to long-term exercise. (Ding et al., 2006) Animal studies have demonstrated physiological
changes in the brain caused by physical activities and provided some explanations about this process.
Researchers further confirmed the observation can also be found in humans. At the cellular level,
Maddock et al. (2016) were interested in the product of the increased neural metabolism during
physical activities, the group compared the neurotransmitter levels of the recruited volunteers before
and after the physical activity measured by proton magnetic resonance spectroscopy, and the
immediate result showed a significant increase in glutamate and GABA level in the visual cortex, and
a positive correlation was found between the resting glutamate level and the exercise level of the
participant in the past week. The results suggest immediate observable metabolic changes in the brain
are happening during exercise and this process is a possible substrate for further more complex
network plasticity to build on. Long-term physical activity alters the frontal-subcortical connectivity
in older age adults. (Dorsman et al., 2020) The functional connectivity (FC) was measured by task-
free functional MRI and compared with default FC, and the result was analyzed with the self-reported
exercise level in the past week. Within-subject increase in the activity level is observed with greater
frontal-subcortical FC but not in other well-studied pathways, suggesting physical activity does
induce changes at a network level, and the effect could be region specific. Different types of training
can elicit plasticity in a specific pathway, instead of aerobic exercises, Rogge et al. (2018) tested if
balance training can also make structural differences in the brain. They randomly assigned the 37
healthy adult participants to either balance training or relaxation training group, and the frequency of
training was twice a week for a duration of 12 weeks. Structural MRI scans and balance assessment
were acquired before and after the entire training, and the results showed improved balance
performance in the balance training group compared to the relaxation group, and cortical thickness
increased in several visual and regions that involve self-motion perception, also a reduction in the
putamen volume. Another research also found an increase in several regions of the brain and the total
volume in children who received radiation treatment for a brain tumor, and better behavioral
outcomes than the control group who have the same condition but receive no exercise training. (Szulc-
Lerch et al., 2018) Their research demonstrated the effect of exercise could induce both structural
and functional changes, and as previously mentioned, the altered brain chemicals might be one
possible mechanism behind this increase in grey matter, and since there is limited human research on
this topic, so further studies can explore other explanations by more frequent measuring within the
period of training regarding the changes at both cellular and structural level to see if a similar cellular
activity can be found in humans.

Since several studies have shown changes in the physical structure of the brain and behavioral
improvements due to physical exercise, the next step would be to consider the utilization of this
property. Physical activity could be seen as a nonpharmaceutical, noninvasive, low-cost preventative
approach to multiple disorders that involve cognitive degradation and promote cognitive health in
those patients. Not only regular exercise in elderlies is associated with a lower risk of Alzheimer’s
disease (AD), (Santos-Lozano et al., 2016) patients with Alzheimer's disease who actively
participated in physical activity show larger prefrontal and hippocampal areas, (Erickson et al., 2012)
and in genetically determined autosomal dominant Alzheimer’s patients, the observed AD-like
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pathology is lower in participants who regularly engage in physical activities and better cognitive
function. (Miiller et al., 2018) Huntington’s is a currently untreatable fatal disease in which people
who carry the mutated gene will inevitably develop symptoms such as motor disability and cognitive
decline. Pang et al.(2006) reared transgenic mice in 2 conditions: standard and running wheels
provided, and the running wheel group showed delayed onset of the rear-paw clasping, an abnormal
behavior that represents impaired motor coordination and spatial working memory, suggests the
potential effect of voluntary physical activities to postpone the progression of symptoms. Not only
neurodegenerative disease, but physical activities have also been shown to be helpful in other physical
diseases that might cause significant cognitive distress. Type II diabetes can cause impaired cognition,
especially in memory and executive function. A 12-week study has divided diabetic participants into
3 groups, three 40 minutes of walking training per week, 10000 steps daily monitored by a pedometer,
or standard care. There are significant behavioral improvements in the 2 walking groups in both
nonverbal and verbal memory, as well as cognitive attention. (Leischik et al.,2021) Another critical
implication of their study is that high-intensity of physical activity is not required for improved
cognition. Physical activity as an adjuvant to boost the outcome of cognitive behavioral therapies or
medication treatment has produced promising results in multiple common psychiatric disorders and
also provides a protective effect. To investigate the effect of physical exercise on depression-induced
diseases such as increased metabolic syndrome that leads to a higher risk of developing
cardiovascular diseases and diabetes, Kerling et al. (2015) recruited 42 inpatients with moderate to
severe depressive disorder, all received psychotherapy and some combined with antidepressant
medication treatment, 22 of them were assigned 3 physical activity sessions per week in addition to
the usual care and the rest maintained the treatment as they previously received. The self-reported
psychological symptoms and physiological measurement both improved significantly after six weeks
of participation in the exercise group, suggesting additional physical activity to traditional treatments
not only alleviates the symptoms of depression but also reduces the risk factors of developing
depression-related physical diseases. Physicians always recommend physical activity in response to
stress reduction, including in anxiety prevention and as a part of intervention. A study has shown
improved working memory performance, reduced self-reported stress evaluation and salivary cortisol
level after participating in instructed yoga practice for 8 weeks in older adults, indicating the enhanced
function of the HPA axis on regulating stress response and the protective property of yoga against the
cognitive decline due to aging. (Gothe et al., 2016) Apart from improved cognitive functions, physical
health concerns among people with psychiatric disorders are exceedingly normal. For example,
compare to the normal population, patient with schizophrenia spectrum disorder have 10-20 years
shorter life expectancy due to multiple factors, and cardiovascular diseases is one of the most
concerning ones and caused very high mortality. (Hennekens et al., 2005) Patients with severe
psychological disorders are often reluctant to participate in voluntary physical activities, so it is
necessary for healthcare providers to integrate an appropriate level of physical exercise into the
traditional treatment plan depending on the individual.

Physical therapy is a part of the first-line treatment options to regain or improve motor performance
in post-stroke and Parkinson's patients. It was observed that physical therapy such as task-oriented
training can induce expanded hand representation in the motor cortex in infarcted monkeys which
have local damage that impaired hand motor function, and improved motor performance, suggesting
a causal relationship between cortical reorganization and task-oriented physical training. (Nudo et al.,
1996) Once the motor-cortical changes induced by physical exercise are established, researchers
started to consider establishing systematic treatment plans for disorders that involve motor
impairments, and different approaches have been utilized to target specific concerns. Commonly seen
physical therapies focus on balance, mobility, pain management, range of motion, grasp strength, and
so on, and the outcomes are mostly positive. Long-term high-intensity exercise has been proven to
improve both motor outcomes and emotional scores among mild to moderate stage Parkinson's
patients. (Morberg et al., 2014) Nowadays, more and more focus on motor recovery has been
combined with the use of modern technology, such as robot-assisted training for post-stoke patients
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(Zhang et al., 2022), virtual reality-assisted therapy as an intervention for chronic stroke patients
(Subramanian et al., 2013), and the use of mobile phone app directed training programs in Parkinson's
disease. (Gao et al., 2021) Even though the result of some of the modern training methods doesn’t
show superiority over traditional methods, the involvement of new technologies might promote
participation, and the investigation to find the proper way to utilize these tools still has great potential.

Physical activity is low-cost, promotes overall health, and there are many options for most people
to easily participate in some kind of physical activity, but it also has some limitations when applied
as a treatment option. First, physical activity by itself tends to have a small effect on relieving the
symptoms, so physicians can’t solely dependent on physical activity as the primary treatment. The
subtle alleviation develops over a long period of time and the effect can’t be seen immediately, so
there’s a higher chance of withdrawal. Second, it could not be applied to patients when there are
physical comorbidities that limit participation in physical activities. Third, in the end stage of
depression or other psychological disorders, the willingness to be active is very low. This situation is
also seen in the end stage of other disorders that impair motor functions; the severity of the
impairment has completely disabled the patient from producing any movements. So physical activity
is an option for mild to the moderate stage in many disorders, but other forms of treatment should be
considered for end stage patients.

Future research should establish clearer inclusion and exclusion criteria when recruiting
participants. It’s important to take medication and other forms of intervention into account when
observing the effect of physical training. It would be better for the observed cortical changes in the
brain could be accompanied by the improved behavioral outcome, so more meticulous design is
necessary for developing powerful results. There’s a need to develop individualized physical recovery
plans to better accommodate different circumstances between patients and differentiate types of
training based on patient profiles, meaning establishing more symptom-oriented methods. Also, as
previously mentioned, more proper ways to involve modern technology in physical recovery should
be investigated, and consider the cost-benefit when applying those methods.

5. Cognitive Training

As people age, changes in the brain negatively affect various aspects of cognition such as
processing, working memory, and executive functions. Thus, addressing diseases caused by cognitive
malfunction or decline in western societies is of utmost urgency. One of the popular therapies that
have been advanced in addressing brain disorders is cognitive training. The latter involves structured
and guided practice aimed at improving a given aspect of cognition such as memory (Irazoki et al.,
2020). Cognitive training can be undertaken individually or in groups and has demonstrated
effectiveness against brain disorders like dementia and schizophrenia (Guercio et al., 2019; Irazoki
et al., 2020). Notably, the therapeutic value of cognitive training is based on neuroplasticity, which
is the ability of the brain to make structural and functional changes in response to environmental
stimuli.

Cognitive training is based on the assumption that cognition and/or the aging brain can be
improved through various training exercises. The method often entails a series of repetitive laboratory
or software-based exercises that focus on a specific element of cognition such as memory (Guercio
et al., 2019). The tasks can be completed using a computer or paper and pen. At the behavioral level,
cognitive training is expected to improve the performance of cognitive tasks and thus improve the
independence of the elderly or other patients with brain disorders. At the brain level, cognitive
training induces structural and functional changes such as cortical thickness and white matter integrity
(Joubert & Chainay, 2018). Various technologies and training protocols have been developed for
cognitive training for different brain disorders including dementia, traumatic brain disorders, and
schizophrenia (Han, Chapman, & Krawczyk, 2018; Irazoki et al., 2020). In sum, cognitive training
involves applying certain exercises to improve a specific element of cognition.
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Several studies document evidence of successful uses of cognitive training in treating various brain
disorders. Remarkably, a study by Liu et al. (2022) demonstrated that cognitive training could
improve memory generalization in mice APP/PS1 mice. The study hinted at the potential
effectiveness of cognitive training in treating Alzheimer's disease, whose etiology encompasses
problems with memory generalization. Elsewhere, human studies have shown the effectiveness of
cognitive training in treating schizophrenia (Guercio et al., 2019). The method works by stimulating
the formation of more adaptive brain circuits. Equally, cognitive training has proved useful in
reversing cognitive control impairments in patients with traumatic brain injury. In a study by Han et
al. (2018), cognitive training-induced neuroplasticity in traumatic brain injury patients resulting in
improved cognitive control compared to a control sample. Therefore, there is substantial evidence
supporting the therapeutic utility of cognitive training in treating brain disorders.

Cognitive training methods assume neuroplasticity, i.e., the ability of the brain to change in
structure and function due to environmental stimuli. In most studies of cognitive training, the
mechanism of action often manifests in brain-level changes. For instance, in the study by Liu et al.
(2022), functional magnetic resonance imaging (fMRI) revealed that cognitive training improved the
functioning of the medial prefrontal cortex and the hippocampus. Thus, the observed improvement in
memory generalization in the test mice was due to the functional improvements at the brain level.
Other studies have also evidenced neuroplasticity as the mechanism through which cognitive training
works. For instance, Park & Bischof (2022) observed that stroke patients, despite suffering significant
brain damage, often show improvements with therapy. The improvements can only be explained in
terms of neuroplasticity, which may encompass changes in neural activity or structure (Park &
Bischof, 2022). Separately, the connection between neuroplasticity and cognitive training was
demonstrated by Guercio et al. (2019) who found that the protocols of cognitive training can be more
effective when paired with neuroplasticity enhancers. By improving neuroplasticity, cognitive
training delivers more effective and lasting results. Neuroplasticity is therefore inseparable from
cognitive training and acts as the method’s underlying mechanism.

As a whole, cognitive training is an important therapy that can help to address brain disorders such
as dementia, schizophrenia, and Alzheimer’s disease, among others. The method works through a
series of repetitive tests administered to patients to improve a specified cognitive function like
memory. Cognitive training assumes neuroplasticity, without which the method cannot work. Its
training exercises work by inducing structural and functional changes in the brain. Animal studies
show changes in both structure and function at the brain level following the application of cognitive
training methods. Other studies have suggested that cognitive training works better when combined
with neuroplasticity enhancers. Consequently, neuroplasticity serves as the foundation upon which
cognitive training interventions can be designed and improved.

6. Discussion

The application of these approaches tends to be more specific within certain populations, some
methods show better effects in one disorder but may not cause any significant changes in others. The
need to understand which method archives the maximum effect is important for designing treatment
plans. Among several diseases that involve deteriorated cognitive functions, Alzheimer’s disease, a
neurodegenerative disease that affects the quality of life of over 6 million Americans, is one of the
disorders that gained the most attention. DBS, physical activity, and cognitive training have yielded
positive results on the improved cognitive abilities of Alzheimer’s patients, and routine physical
activity showed a lowered risk of developing Alzheimer’s disease. At the end stage of Huntington’s
disease, both motor and cognitive functions will be impacted, and several studies used model animals
of Huntington’s disease showed DBS’s effect from stimulating the globus pallidus, part of basal
ganglia that’s highly involved in motor control and is the region that is most affected in Huntington’s
patients, has produced improvement in the behavioral and motor tasks after the stimulation, and
physical activity also showed delayed expression of symptoms. Normal aging has been linked with
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brain atrophy that could result in deteriorated cognitive functions such as memory, multitasking, and
processing speed. Training like physical activity and cognitive training appears to have an effect on
maintaining above-average functioning abilities than populations without training. Several
approaches have been applied in motor impairment disorders such as regaining post-stroke motor
functions and Parkinson’s disease. TMS has received the most attention when applied to post-stroke
patients due to its applicable properties in motor ability diagnosis and treatment. Physical therapy is
one of the most common treatment plans for post-stroke patients and Parkinson’s patients for motor
training, and cognitive training showed evidence of improved cognitive function that was damaged
by the infarct. Several implantation locations for DBS have been proven to be effective in decreasing
the presence of motor symptoms. It’s also necessary to utilize neuroplasticity in psychiatric disorders
to regain healthy brain activity or connections. Treatment of depression always prioritizes cognitive
training such as cognitive behavioral talk therapy and medication. DBS and TMS can be considered
when the previous two methods don’t show alleviation of symptoms, and physical activity is always
suggested to boost the treatment effect of depressive symptoms. Cognitive training has gained most
positive outcomes besides medication in patients with Schizophrenia, and the involvement of other
forms of approaches has gained attention and undergoing research. Each approach has its own
limitations as well, since DBS needs to be surgically implanted, meaning the approach is invasive
and has higher risks, so it’s possible to cause serious complications, and people varies when
determining the effective implantation locations. Several concerns regarding the application of TMS
include individual variability, some people don’t respond to the magnetic stimulation, or respond to
stimulation to different pathways, and the response varies between individuals, so it’s challenging to
establish guidelines for standard care. Another research limitation on the capability of TMS in altering
brain plasticity is that it could only reach the cortex, so it could not be applied to damage in the
subcortical structures. Even though physical activity has low participation requirements, some
populations are not suitable candidates for this type of recovery training, including limitations due to
physical conditions and the drop-out rate is high. Cognitive training requires long-term participation
and the effect tends to be minor and can’t be directly measured.

Limitations. Currently, the mechanism of neuroplasticity still remains unclear and correct
pathways haven’t been well established for corresponding symptoms. Two people who show similar
symptoms might have drastically different reasons or the mechanisms behind the occurrence of the
symptoms and neurogenesis does not occur in most parts of the adult’s brain, so it makes the
repairment of neurological damages nearly impossible to happen and standardize. Even though the
number of neurons in an adult’s brain would not be easily changed, the connection between neurons
can be altered through practice, exercise, or stimulation. It could be said that the brain is both easy
and hard to be changed, because the formation is determined by countless factors during development
but hard to be changed when the connection gets stable through repetitive enhancement. So, the goal
of neuroplasticity is to set up reliable connections that correspond to a certain behavior or alter the
connection of malfunctioned pathways.

Future directions. More and more advanced technologies could be used interdisciplinarity, so the
combination of modern technology and neuroscience can yield very promising results.
Neuroplasticity training that involves multiple sensory modalities has gained researchers’ interest
because some studies have shown that multiple types of sensory input can strengthen the result of
some neuroplasticity training, and this property can later be used to maximize the recovery outcome
of several motor disorders. Some aspect to consider within this field is the relationship between
structural changes and behavior. It would be best if studies can show the conversion of altered
structure to improved behavioral response, and apply multiple imaging methods to ensure the
difference found between pre and post intervention. Taking the severity of symptoms into account
when designing the experiment, it would be better to stratify patients into different severity groups
when verifying the effect or design target treatment based on the severity. Future research can focus
on utilizing neuroplasticity in early interventions such as function as a protective mechanism against
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disorders. The exuberant neural connections may provide more functional reserve against certain
disorders from developing or the early onset of symptoms.
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